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CHANNEL ESTIMAnON UNIT, AND CDMA bols (estimated complex fading envelope) in a section (slot, 

RECEIVER AND CDMA TRANSCEIVER in this case) to which the data symbols belong. The channel 

WITH CHANNEL ESTIMATION UNIT estimation with high SNIR is carried out in this manner. The 

estimates are employed to detect with the pilot symbols in 

This apphcation is a continuation of PCT/JP98/05241, 5 the data symbol sections the received signal of a path of each 

filed Nov. 20, 1998, which claims priority of JP 9/321561, ^o measure the ampUtude and phase of the signal of 

filed Nov 21 1997 ® P^^^' ^ estunate and compensate for the channel 

' fluctuations in the data symbol sections. 

TECHNICAL FIELD However, it is di£5cult for the foregoing method disclosed 

in the paper to achieve highly accurate channel estimation. 

Hie present invention relates to a device for making This is because the method obtains the channel estimates by 

channel estimation (propagation path estimation) of data only averaging the pilot symbols in the slot including the 

symbols from a pilot symbol sequence parallel to a data data symbols to be subjected to the channel estimation, 

symbol sequence, and a CDMA (Code Division Multiple Furthermore, in an actual mobile transmission 

Access) receiver and CDMA transmitter with the device. environment, thermal noise (reducing the transmission 

power as low as possible creates a noise-limited 

BACKGROUND ART environment, particularly at cell borders) and interference 

In a mobile communications environment, amplihide and signals from other users due to cross-correlation are added 

phase fluctuations in a traffic channel can occur because of * desired signal of the channel to be received, and the 

Rayleigh fading due to changes in the relative location 20 amplimde of the received signal vary every 

between a mobile station and a base station. Thus, in a moment because of fading, which degrades the channel 

conventional phase modulation scheme that transmits data estimation accuracy. In summary, it is difficult for the 

(information) by the phase of a carrier, it is common for a method disclosed in the foregoing paper, which carries out 

transmitting side to carry out differential encoding of trans- channel estimation of the data symbols using only the 

mitted daU for impressing the data on relative phases of 25 P^°} symbols in the sl ot containing the da ta symbols, to 

neighboring symbols, and for a receiving side to discrmu- achieve tegWy arenral© drafne* «a<MW4«i^i > 

nate and decide the data by differential detection. DISCLOSURE OF THE INVENTION 

However, since the transnutted data is subjected to the The present invention is implemented to solve the fore- 
differential encoding as mentioned above, a one-bit error in problems. It is therefore an object of the present 
a radio section appears as a two-bit error in the differential 30 invention to achieve highly accurate channel estimation by 
detection, thereby increasing the receiving error rate by 3 dB obtaining highly accurate channel estimates by calculating a 
in terms of the SNIR (Signal-to-Noise Interference power s^m of appropriately weighted pilot symbols when carrying 
Ratio) as compared with coherent detection like binary the channel estimation of the data symbols, 
phase-shift keyed modulation (BPSK modulation). Furthermore, the present invention can achieve higher 
On the other hand, although absolute coherent detection, accuracy channel estimation by carrying out the channel 
which discriminates and decides the phase of a received estimation of the data symbols using pilot symbols not only 
signal using the absolute phase of each data symbol, has a in the slot containing the data symbols, but also in other 
highly efficient receiving characteristic, it is difficult under slots. 

the Rayleigh fading environment to decide the absolute ^ The highly accurate channel estimation and compensation 

phase of the reception. for channel fluctuations in the data symbols based on the 

In regard to this matter, Sadayuki Abeta, et al., "DS/ channel estimation make it possible for the absolute coher- 

CDMA Coherent Detection System with a Suppressed Pilot ent detection to decide the absolute phase of each data 

Channel", IEEE GLOBECOM'94, pp. 1622-1626, 1994, symbol even in the Rayleigh fading environment, which can 

proposes a method of estimating fading distortion by reduce the SNIR for achieving desired receiving quality 

inserting, in parallel with a data channel for transmitting (receiving error rate). This can reduce the transmission 

data, a pilot channel which is orthogonal to the data channel power, and increase the capacity of a system in terms of the 

and has known phases, thereby compensating for the fading niunber of simultaneous 

distortion. jn order to accompli^ the object aforementioned in the 

FIG. 13 illustrates a channel estimation method disclosed 5Q flist a^ct of the present invention, there is provided a 

in this paper. In FIG. 13, the channel estimation is carried out channel estimation unit for obtaining channel estimates of 

using a pilot symbol sequence parallel with a data symbol data symbols from a pilot symbol sequence which is parallel 

sequence. To reduce a power loss, the power of the pilot to a data symbol sequence that comprises: 

symbol sequence is set less than that of the data symbol means for generating a plurality of pilot blocks &om the 

sequence. pilot symbol sequence; and 

In addition, to follow instantaneous Rayleigh fluctuations, means for obtaining the channel estimates of the data 

the transmission power control is carried out on a slot by slot symbols by calculating a weighted sum of averages of 

basis. Accordingly, as shown in FIG. 13, the amptitudes the pilot symbols in the individual pilot blocks, 

(powers) of the data symbol sequence and pilot symbol In the second aspect of the present invention, there is 

sequence vary slot by slot, and their phases also vary slightly ^0 provided a CDMA receiver which receives a data symbol 

due to the operation of amplifiers during transmission. Such sequence that is spread, and a pilot symbol sequence that is 

transmission power control enables a reverse channel of the spread and parallel to the data symbol sequence, and which 

DS-CDMA (Direct Sequence CDMA) to maintain the SNIR generates a data sequence by demodulating the spread data 

against interference signals due to cross-correlation from symbol sequence by using the spread pilot symbol sequence, 

other users. 65 and which comprises: 

The channel estimation of data symbols obtains its chan- means for receiving the spread data symbol sequence and 

nel estimates by averaging (coherently adding) pilot sym- the spread pilot symbol sequence; 
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means for generating a data symbol sequence by 

despreading the spread data symbol sequence; 
means for generating a pilot symbol sequence by 

despreading the spread pilot symbol sequence; 
means for generating from the pilot symbol sequence a 

plurality of pilot blocks; 
means for obtaining channel estimates of the data symbols 
by calculating a weighted sum of averages of the pilot 
symbols in the individual pilot blocks; 
means for compensating for channel fluctuations in the 
data symbol sequence by using the channel estimates of 
the data symbols; and 
means for generating the data sequence by demodulating 

the data symbol sequence compensated for. 
Here, the spread data symbol sequence may have been 
spread using a first spreading code, the spread pilot symbol 
sequence may have been spread using a second spreading 
code, the means for generating the data symbol sequence 
may despread the spread data symbol sequence which has 
been spread using the first spreading code, and the means for 
generating the pUot symbol sequence may despread the. 
spread pilot sequence which has been spread using the 
second spreading code, and the first ^reading code and the 
second spreading code may be orthogonal to each other. 

In the third aspect of tbe"- pitJLiff %rtHtiu n;*"therc is 
provided a CDMA transceiver have a transmitting processor 
and a receiving processor, the transmitting processor gen- 
erate a ^read data symbol sequence by modulating a data 
sequence, and transmits the spread data symbol sequence 
with a spread pilot symbol sequence which is spread in 
parallel with the data symbol sequence, and the receiving 
processor receives the ^read data symbol sequence and the 
spread pilot symbol sequence, and generate the data 
sequence by demodulating the spread data symbol sequence 
by using the spread pOot symbol sequence, wherein wherein 
the transmitting processor comprises: 

means for generating the data symbol sequence by 

modulating the data sequence; 
means for generating the i^read data symbol sequence 

by spreading the data symbol sequence; 
means for generating the spread pilot symbol sequence 

by spreading the pilot symbol sequence; and 
means for transmitting the spread data symbol 
sequence and the spread pilot symbol sequence, and 
wherein 

the receiving processor comprises: 

means for receiving the spread data symbol sequence 

and the spread pilot symbol sequence; 
means for generating the data symbol sequence by 

de^reading the spread data symbol sequence; 
means for generating the pilot symbol sequence by 

de^reading the spread pilot symbol sequence; 
means for generating from the pilot symbol sequence a 

plurality of pUot blocks; 
means for obtaining channel estimates of the data 
symbols by calculating a weighted sum of averages 
of the pilot symbols in the individual pilot blocks; 
means for compensating for channel fluctuations in the 
data symbol sequence by using the channel estimates 
of the data symbols; and 
means for generating the data sequence by demodulat- 
ing the data symbol sequence compensated for. 
Here, the means for generating the spread data symbol 
sequence may spread the data symbol sequence using a first 
spreading code, the means for generating the spread pilot 
symbol sequence may spread the pilot symbol sequence 
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using a second spreading code, the means for generating the 
data symbol sequence may despread the spread data symbol 
sequence which has been spread using the first ^reading 
code, and the means for generating the pilot symbol 

5 sequence may de^read the spread pilot symbol sequence 
which has been spread using the second spreading code, and 
the first spreading code and the second spreading code may 
be orthogonal to each other. 

Here, the means for transmitting the spread data symbol 

10 sequence and the spread pilot symbol sequence may also 
transmit a spread power control symbol sequence for con- 
trolling power of the data symbol sequence and that of the 
pilot symbol sequence. 

Here, the transmitting processor may further comprise 

15 means for inserting into the data symbol sequence the power 
control symbol sequence. 

Here, the trarismitting processor may further comprise 
means for inserting into the pilot symbol sequence the power 
control symbol sequence. 

20 Here, the transmitting processor may further comprise 
means for generating the spread power control symbol 
sequence by spreading the power control symbol sequence, 
and the means for transmitting the spread data symbol 
sequence and the spread pilot symbol sequence may also 

25 transmit the power control symbol sequence. 

Here, the means for generating a spreacT d^a symboF 
sequence may spread the data symbol sequence by using a 
first spreading code, the means for generating a spread pilot 
symbol sequence may spread the pilot symbol sequence by 

30 using a second spreading code, and the means for generating 
a spread power control symbol sequence may spread the 
power control symbol sequence by using a third ^reading 
code, and the means for generating a data symbol sequence 
may despread the spread data symbol sequence by using the 

35 first spreading code, the means for generating a pilot symbol 
sequence may despread the spread pilot symbol sequence by 
using the second spreading code, and the means for gener- 
ating a power control symbol sequence may despread the 
spread power control symbol sequence by using the third 

40 spreading code, and the first spreading code, the second 
spreading code and the third spreading code may be 
orthogonal to each other. 

Here, the receiving processor may further comprise 
means for measuring from the pilot symbol sequence a 

45 signal-to-noise and interference power ratio, and for gener- 
ating the power control symbol sequence from the signal- 
to-noise and interference power ratio. 

Here, the receiving processor may further comprise 
means for generating the power control symbol sequence by 

50 despreading the spread power control symbol sequence for 
controlling the power of the data symbol sequence and that 
of the pilot symbol sequence; and means for extracting the 
power control symbol sequence, and the means for receiving 
the spread data symbol sequence and the spread pilot symbol 

55 sequence may receive the spread power control symbol 
sequence, and the means for transmitting the spread data 
symbol sequence and the ^read pilot symbol sequence may 
transmit the spread data symbol sequence and the spread 
pilot symbol sequence in accordance with the power control 

60 symbol sequence. 

Here, the power of the data symbol sequence and that of 
the pilot symbol sequence may be controlled on a slot by slot 
basis, and the plurality of pilot blocks may consist of pilot 
symbols belonging to at least two different slots. 

65 Here, when obtaining the channel estimate of an nth data 
symbol in the data symbol sequence, where n is an integer, 
the plurality of the pilot blocks may consist of pilot symbols 
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from (D-K+l)lh pilot symbol to (n+IQth pilot symbol in the generating the pilot symbol sequence by de^reading 

pilot symbol sequence, where K is a natural number. the spread pilot symbol sequence; 

Here, the plurality of pilot blocks may have a same length, generating from the pilot symbol sequence a plurality 

each. of pilot blocks; 

Here, when obtaining the channel estimate of an nth data 5 obtaining channel estimates of the data symbols by 

symbol in the data symbol sequence, where □ is an integer, calculating a weighted sum of averages of the pilot 

the pilot blocks consisting of pilot symbols closer to the nth symbols contained in the pilot blocks; 

pilot symbol may have a greater weight. compensating for channel fluctuations in the data sym- 

In the fourth aspect of the present invention, there is bol sequence by using the channel estimates of the 

provided a channel estimation method for obtaining channel lo data symbols; and 

estimates of data symbols from a pilot symbol sequence generating the data sequence by demodulating the data 

which is parallel with a data symbol sequence, comprises the symbol sequence compensated for. 
steps of: 

generating a plurality of pilot blocks from the pilot DESCRIPnON OF THE DRAWINGS 

symbol sequence; and 15 ^^^^ diagram showing a configuration of a 

obtaining the channel estimates of the data symbols by channel estimation unit as a first embodiment in accordance 

calculating a weighted sum of averages of the pilot with the present invention; 

symbols in the individual pilot blocks. 2 is a flowchart illustrating a channel estimation 

In the fifth a^)ect of the present invention, there is processing by the channel estimation unit of the first 

provided a CDMA receiving method which receives a data embodiment in accordance with the present invention; 

symbol sequence that is spread and a pilot symbol sequence piG. 3 is a diagram Qlustrating, taking an example of the 

that IS spread and parallel to the da^ symbol sequence, and ^^^^^^ estimation, the principle of operation of the channel 

which gene^tes a data sequence by demodulatmg the spread ^^^^^^^ ^^^^^ estimation unit of the first embodi- 

data symbol sequenoe by usu^ the spread pilot symbol ^^^^ ^ accordance with the present invention; 

sequence comprises the steps ot . " ^ . • - * - 

... J J , . , J , FIG. 4 IS a block diagram snowing a configuration of a 

receiving the spread daU symbol sequence and the spread ^.^^^ ^ ^ ^ embodiment in accordance with 

pilot symbol sequence; p^^^ invention; 

generating a data symbol sequence by despreading the HG. 5 is a flowchart illustrating a receiving processing by 

spread data symbol sequence; 30 ^^.^^^ ^^^^ embodiment in accor- 

generating a pilot symbol sequence by de^reading the jance with the present invention; 

spread pilot symbol sequence; HG. 6 is a block diagram showing a configuration of a 

generating from the pilot symbol sequence a plurality of CDMA transceiver as a third embodiment in accordance 

pflot blocks; present invention; 

obtaining channel estimates of the data symbols by cal- piQ 7 a block diagram showing a configuration of a 

culating a weighted sum of averages of the pilot transmitting processor of the CDMA transceiver of the third 

symbols in the individual pilot blocks; embodiment in accordance with the present invention; 

compensating for channel fluctuations in the data symbol pi^, 8 is a block diagram showing a configuration of a 

sequence by using the channel estimates of the data ^ receiving processor of the CDMA transceiver of the third 

sjonbols; and embodiment in accordance with the present invention; 

generating the data sequence by demodulating the data FIG. 9 is a flowchart iUustriing a transiting processing 

symbol sequence compensated for. transmitting processor of the CDMA transceiver of 

In the aspect of the pr^nt mrvenUon there is embodiment in accordance with the present inven- 

provided a CDMA transmittmg and receiving method which 45 j^^jj. 

generates a spread data symbol sequence by modulating a . ^. . • 

data sequence, transmits the spread data symbol sequence ^9 }^ * '^^'^ Ulus^atmg a transmission example 

with a pilot symbol sequence which is spread in parallel with "^'^ P°^*^ '^"^^ ^^^^^ " ''ymbol 

the data symbol sequence, receives the spread data symbol sequence, 

sequence and the spread pilot symbol sequence, and gener- 50 FIG. 11 is a diagram illustrating a transmission example 

ates the data sequence by demodulating the spread data which inserts power control symbols into a pilot symbol 

symbol sequence by using the spread pilot symbol sequence, sequence; 

wherein FIG. 12 is a diagram illustrating a transmission example 

a tran^itting side comprises the steps of: which trananits power control symbols in a sequence apart 

generating the data symbol sequence by modulating the 55 ^^ta symbol sequence and pilot symbol sequence; 

data sequence; and 

generating the spread data symbol sequence by spread- FIG. 13 is a diagram illustrating the principle of the 

ing the data symbol sequence; channel estimation operation by a related art. 
generating the spread pilot symbol sequence by spread- 

ing the pilot symbol sequence; and « BEST MODE FOR CARRYING OUT THE 

transmitting the spread data symbol sequence and the INVENTION 

spread pilot symbol sequence, and wherein Best modes for implementing the present invention will 

a receiving side comprises the steps of: now be described in detail with reference to the accompa- 

receiving the spread data symbol sequence and the nying drawing3. 

spread pilot symbol sequence; 65 [First Embodiment] 

generating the data symbol sequence by despreading FIG. 1 is a block diagram showing a configuration of a 

the spread data symbol sequence; channel estimation unit as a first embodiment in accordance 
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with the present invention. A channel estimation unit 100 of symbol is obtained by placing the weights of the ith blocks 

the present embodiment obtains channel estimates of data ^ channel estimate P (n) is given by the follow- 

symbols from a pilot symbol sequence parallel with a data equation (1). 
symbol sequence. 

The chamiel estimation unit 100 comprises a pilot block 5 ^ 

generating section 110 and a channel estimate acquisition y I^f^^j 

section 120. Although the chaimel estimation unit 100 is Zj * 
implemented in the present embodiment in the form of 
software using a DSP (Digital Signal Processor) (together 

with a memory that stores programs), it can be implemented It is preferable to increase the weights a (n^ of the pilot 

in the form of hardware, in which case, components such as ^ blocks that include pilot symbols closer (closer in time) to 

delay circuits are used as needed. the nth pilot symbol. This is because such pilot blocks can 

FIG. 2 is a flowchart illustrating a diaimel estimation be considered to represent the state of the propagation path 

processing by the channel estimation unit of the present during the transmission of the nth data symbol more cor- 

embodiment, and FIG. 3 is a diagram illustrating, taking an rectly because the propagation path fluctuates at every 

example that obtains the channel estimates of an nth data moment. 

symbol (n is a natural number), the operation principle of the The chaimel estimate acquisition section 120 iterates the 

channel estimation unit of the present embodiment. In the foregoing steps 8201-^204 for all the data symbols with 

example of HG. 3, both the data symbol sequence and the which the channel estimates must be obtained (step S205). 

pflot symbol sequence undergo the transmission power Thus, highly accurate channel estimates can be obtained, 

control on a slot by slot basis. 20 [Second Embodiment] 

First, at step S201, the pilot block generating section 110 ^IG. 4 is a block diagram showing a configuration of a 

generates ftom the pilot symbol sequence a plurality of pilot CDMA receiver as a second embodiment in accordance with 

blocks. To generate L (three, in this example) pilot blocks present invention. A CDMA receiver 400 of the present 

each with a length of X bits before and after the nth pilot embodiment receives a daU symbol sequence which is 

symbol, the example as shown in FIG. 3 uses pilot symbols ^5 spread, and a pilot symbol sequence which is spread and 

from (n-K+l)lh to (n+K)th pilot symbols, where K«LxX is paraffef to the data symbol sequence, and restores tfie d^ta 

a natural number. sequence by demodidating the spread data symbol sequence 

It is preferable to generate the pilot blocks from pilot ^i°g ^^ad pilot symbol sequence, 

symbols belonging to different multiple slots to use these The CDMA receiver 400 comprises a receiving section 

plot symbols for the channel estimation. Using pilot symbols ^0 410, a data symbol sequence matched filter 424, a pilot 

of different slots has an advanUge of reducing the effect of symbol sequence matched filter 426, a chamiel estimation 

the thermal noise and interference signals, which is greater processor 428, a data symbol sequence compensator 430, a 

than channel estimation error due to differences in power RAKE combiner 432, a deinterleaver 434 and a A^terbi 

between the pilot symbols of different slots, making it decoder 436. Although these components such as the data 

possible to achieve the channel estimation at higher accu- ^5 symbol sequence matched filler 424, pilot symbol sequence 

racy. In the example as shown in FIG. 3, six pilot blocks are matched filter 426 and so forth are implemented in the form 

generated from pilot symbols belonging to seven slots. software using a DSP (and a memory that stores 

To obtain the channel estimate of the nth data symbol, it programs) 420 as shown in FIG. 4 in the present 

is not necessary to generate the same number of pilot blocks embodiment, they can be implemented with hardware. The 

before and after the nth pflot symbol as in the example of 40 structure and functions of the channel estimation processor 

FIG. 3. Thus, considering the delay of the channel 428 are the same as fliose of the channel estimation unit 100 

estimation, the pflot blocks can be generated only from the ^f the first embodiment in accordance with the present 

pflot symbols with the number smaUer than (previous to) the invention. 

nth pflot symbol. 5 is a flowchart illustrating a receiving processing by 

Hie length of a pilot block can be determined indepen- 45 the CDMA receiver of the second embodiment in accor- 

dently of the length of a slot. For example, the length of a ^^ance with the present invention. First, at step S501, the 

pflot block can be equal to that of a pflot symbol, that is, a receiving section 410 receives the received signal, that is, 

pflot block can consist of a single pflot symbol. Besides, the spread data symbol sequence and the spread pilot symbol 

length of a pilot block can be varied from block to block. sequence. 

At steps S202-^204, the channel estimate acquisition 50 In the present embodiment, it is assumed that the received 

section 120 obtains the channel estimates of the data sym- <*ala symbol sequence and pflot symbol sequence have been 

bols. First, at step S202, the channel estimate acquisition spread using a first ^reading code and a second ^reading 

section 120 calculates an average of the pflot symbols code, respectively, which are orthogonal to each other. At 

A ^ , J t iT J- t X - i_ t . LI 1 Step S502, the data symbol sequence matched filter 424 

4 (estimated complex fadmg envelope) in each pUot block jespreads the received signal the first spreading code, 

to obtain the pflot block average |, which is carried out for thereby generating the data symbol sequence. At step S503, 

aU the pilot blocks (step S203). When each pflot block the pilot symbol sequence matched filter 426 despreads the 

consists of only one pflot symbol, the pflot symbol | itself received signal using the second spreading code, thereby 

s , . , generating the pflot symbol sequence, 

becomes the pilot symbol average i In the example of FIG. ^ ^t step SSM. the channel estimation processor 428 car- 

3, the pilot block averages ^ (n^ are each obtained for ith ries out a channel estimation processing to obtain the 

pflot blocks (i»-L to L, i;^). channel estimates of the data symbols. The channel estima- 

At step S204, the channel estimate acquisition section 120 tion processing is the same as that of the channel estimation 

calculates the weighted sum of the pilot block averages I to ^^9' 2) °^ ^ ^ embodiment in accordance with 

^ 65 the present mvention. 

obtam the channel estimates ^ of the data symbol. In the ^^^^ §5^5^ j^ta symbol sequence compensator 430 

example of FIG. 3, the channel estimate ^ (n) of the nth data compensates for the channel fluctuations in the data symbol 



us 6,647,003 Bl 

9 10 

sequence using the channel estimates 5- More specifically, it using the first spreading code to generate the spread data 

compensates for the channel fluctuations in the data symbols symbol sequence. At step S904, the pilot symbol sequence 

by multiplying the data symbol sequence by the complex spreader 728 spreads the pilot symbol sequence using the 

conjugates of the channel estimates ^ second spreading code to generate the spread pilot symbol 

At step S506, the RAKE combiner 432, deinterleaver 434 s sequence. Hie first spreading code and the second spreading 

and Viterbi decoder 436 generates the data sequence by code are orthogonal to each other. 

demodulating the compensated data symbol sequence, TTie At step S905, the a)mbiner 730 oombmes the spread data 

RAKE combiner 432 carries out the in-phase combining of ^3^^^ ^^^^^^^ ^P^^^'* P^°^ ^^^'^'"^ ^'l^^'^ ^ 

the compensated data symbol sequence fed from individual generate a tramsmitted signal 

^ . ™ fi 10 At step S906, the transmittmg section 710 transmits the 

ngers. . - . . i_t transmitted signal in accordance with a power control sym- 

nius, the receiving proce^mg can achieve higUy accu- sequence which is sent from the party staUon to the 

rate channel estimation, and the compensation for the chan- present station 

nel fluctuations in the data symbol sequence. ^^^^ ^ gj,^^ Pjq ^1,^ ^ceiving processor 620 

[Tbird Embodiment] comprises a receiving section 810, a data symbol sequence 

FIG. 6 is a block diagram showmg a configuration of a 15 matched filter 824, a pilot symbol sequence matched filter 

CDMA transceiver as a third embodiment in accordance g26, a channel estimation processor 828, a data symbol 

with the present invention. A CDMA transceiver 600 of the sequence compensator 830, a RAKE combiner 832, a 

present embodiment comprises a transmitting processor 610 deinterleaver 834, a \^terbi decoder 836, a power control 

and a receiving processor 620. The transmitting processor symbol generator 838 and a power control symbol sequence 

610 generates a spread data symbol sequence by modulating 20 extracting section 840. Although these components such as 

a data sequence, and transmits the spread data symbol the data symbol sequence matched filter 824, pilot symbol 

sequence along with a pHot symbol sequence which is sequence matched filter 826 and so forth are implemented in 

parallel with the data symbol sequence and undergoes the form of software using a DSP (and a memory that stores 

spreading. The receiving processor 620 receives the spread programs) 820 in the present embodiment, they can be 

data symbol sequence and the ^read pilot symbol sequence, 25 implemented with hardware. Ths structure and functions of 

and demodulates the spread data symbol sequence using the t&e cfiannef estiinaticn processor 82^ are tfie same as ffiose 

spread pilot symbol sequence to generate the data sequence. of the channel estimation unit 100 of the first embodiment in 

In the present embodiment, this station (the present CDMA accordance with the present invention, and the structure and 

transceiver) exchanges power control symbols with a party fimctions of the receiving section 810, data symbol sequence 

station. The power control symbols are symbols (command) 30 matched filter 824 and so forth are the same as those of their 

for controlling power of the data symbol sequence and the counterparts of the CDMA receiver of the second embodi- 

pilot symbol sequence. ment. Accordingly, the receiving processor 620 carries out 

FIG. 7 shows a configuration of the transmitting processor the same processings as those (FIG. 5) of the CDMA 

610, and FIG. 8 shows a configuration of the receiving receiver of the second embodiment in accordance with the 

processor. 35 present invention. 

As shown in FIG. 7, the transmitting processor 610 The power control symbol generator 838 measures the 
comprises a transmitting section 710, a channel encoder 722, SNIR from the pilot symbol sequence supplied from the 
an inserting section 724, a data symbol sequence ^reader pilot symbol sequence matched filter 826, and generates the 
726, a pilot symbol sequence spreacter 728 and a combiner power control symbols in response to the measured values. 
730. Although these components such as the chaimel 40 As a measuring method of the SNIR, there is a method of 
encoder 722, inserting section 724 and so forth are imple- measuring it by obtaining the average and variance of the 
mented in the form of software using a DSP (and a memory received signal. The SNIR measurement can also use feed- 
that stores programs) 720 in the present embodiment, they back data symbol sequence after decision. The power con- 
can be implemented with hardware. trol symbols generated here are supplied to the inserting 

FIG. 9 is a flowchart illustrating a transmitting processing 45 section 724 of the transmitting processor 610, which inserts 

by the transmitting processor of the CDMA transceiver of them into the data symbol sequence when transmitting the 

the present embodiment. First, at step S901, the channel next signal to the party station to be transmitted. Receiving 

encoder 722 generates the data symbol sequence by modu- the symbols, the party station uses them when transmitting 

lating (encoding) the data sequence. a signal to the present station. 

At step S902, the inserting section 724 inserts into the 50 Tlie power control symbol sequence extracting section 

data symbol sequence the power control symbol sequence 840 extracts from the data symbol sequence the power 

the party station uses to determine the power of a data control symbol sequence, and supplies it to the transmitting 

symbol sequence and a pilot symbol sequence to be trans- section 710 of the transmitting processor 610 to be used 

mitted from the party station to the present station. when transmitting the next signal to the party station. 

FIG. 10 is a diagram illustrating an example that inserts 55 The power control symbols can also be inserted into the 

the power control symbols into the data symbol sequence to pilot symbol sequence. FIG. 11 is a diagram illustrating a 

be transmitted, in which case, the power control symbols are transmission example in which power control symbols are 

inserted into the data symbol sequence at every one-slot inserted into a pilot symbol sequence to be transmitted. To 

interval. insert the power control symbols into the pilot symbol 

Although the power control symbols are inserted into the 60 sequence, a component corresponding to the inserting sec- 
data symbol sequence to be transmitted in the present tion 724 is installed in the transmitting processor 610 so that 
embodiment, they can be inserted into the pilot symbol it inserts into the pilot symbol sequence the power control 
sequence to be transmitted, or they can be transmitted as symbol sequence, and a component corresponding to the 
another sequence in addition to the data symbol sequence power control symbol sequence extracting section 840 is 
and pilot symbol sequence, as will be described later. 65 installed in the receiving processor 620 so that it extracts 

Returning to FIG. 9, at step S903, the data symbol from the pilot symbol sequence the power control symbol 

sequence spreader 726 spreads the data symbol sequence sequence. 
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The power control symbols can be transmitted as another 
sequence in addition to the data symbol sequence and the 
pilot symbol sequence. FIG. 12 is a diagram illustrating a 
transmission example in which the power control symbols 
are transmitted in a sequence apart from the data symbol 
sequence and pilot symbol sequence. To transmit the power 
control symbols in a sequence besides the data symbol 
sequence and pilot symbol sequence, a means for spreading 
the power control symbols is provided in the transmitting 
processor 610. The ^read power control symbol sequence is 
combined with the spread data symbol sequence and the 
spread pilot symbol sequence to be transmitted. To ^read 
the power control symbol sequence, a third ^reading code 
is used which is orthogonal to the first i^reading code used 
for spreading the data symbol sequence and to the second 
spreading code used for spreading the pilot symbol 
sequence. The receiving processor 620 is provided with a 
means for despreading the power control symbol sequence, 
and receives the spread power control symbol sequence and 
despreads it. 

The transmission of the power control symbol sequence 
can be unidirectional rather than bidirectional. For example, 
the power control symbol sequence can be transmitted only 
from a base station to a mobile station to control the 
(transmission) power of only a reverse channel (from the 
mobile station to the base station) in communicatfdns 
between the two stations. 

Thus, the transceiver can achieve in its processing highly 
accurate channel estimation and compensation for the chan- 
nel fluctuations in the data symbol sequence. 

As described above, the present invention can achieve, 
when performing the channel estimation of the data 
symbols, the highly accurate channel estimation by obtain- 
ing highly accurate channel estimates by calculating the sum 
of the pilot symbols which are appropriately weighted. 

In addition, using the pilot symtx)ls in the slots other than 
the slot including the data symbols to be estimated, the 
channel estimation of the data symbols can further improve 
its accuracy. 

The highly accurate channel estimation together with the 
compensation for the channel fluctuations in the data sym- 
bols on the basis of the channel estimation makes it possible 
to decide the absolute phases of individual data symbols by 
using the absolute coherent detection, and to reduce the 
SNIR needed for achieving the desired receiving quality 
(receiving error rate). As a result, the transmission power 
can be reduced, and the capacity of the system in terms of 
the number of subscribers can be increased. 

What is claimed is: 

1. A CDMA receiver which receives a data symbol 
sequence that is spread, and a pilot symbol sequence that is 
spread and parallel to the data symbol sequence, and which 
generates a data sequence by demodidadng the spread data 
symbol sequence by using the spread pilot symbol sequence, 
said CDMA receiver comprising: 

means for receiving the spread data symbol sequence and 

the spread pilot symbol sequence; 
means for generating a data symbol sequence by 

despreading the spread data symbol sequence; 
means for generating a pilot symbol sequence by 

despreading the spread pilot symbol sequence; 
means for generating from the pilot symbol sequence a 

plurahty of pilot blocks; 
means for obtaining channel estimates of the data symbols 
by calculating a weighted sum of averages of the pilot 
symbols in the individual pilot blocks; 
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means for compensating for channel fluctuations in the 
data symbol sequence by using the channel estimates of 
the data symbols; and 

means for generating the data sequence by demodulating 
the data symbol sequence compensated for, wherein the 
spread data symbol sequence has been spread using a 
first spreading code, the spread pilot symbol sequence 
has been spread using a second spreading code, said 
means for generating the data symbol sequence 
despreads the spread data symbol sequence which has 
been spread using the first spreading code, and said 
means for generating the pilot symbol sequence 
despreads the spread pilot symbol sequence which has 
been spread using the second spreading code, and 
wherein the first spreading code and the second spread- 
ing code are orthogonal to each other. 

2. A CDMA transceiver having a transmitting processor 
and a receiving processor, said transmitting processor gen- 
erating a spread data symbol sequence by modulating a data 
sequence, and transmitting the spread data symbol sequence 
with a spread pilot symbol sequence which is spread in 
parallel with the data symbol sequence, and said receiving 
processor receiving the ^read data symbol sequence and the 
spread pilot symbol sequence, and generating the data 
sequence by demodulating the spread data symbol sequence 
by using the spread pilot symbol sequence, wherein 

sanf {pstEmdting proccssoircDiitpriscsr* 

means for generating the data symbol sequence by 

modulating the data sequence; 
means for generating the spread data symbol sequence 

by spreading the data symbol sequence; 
means for generating the spread pilot symbol sequence 

by spreading the pilot symbol sequence; and 
means for transmitting the spread data symbol 

sequence and the spread pilot symbol sequence, and 

wherein 

said receiving processor comprises: 

means for receiving the spread data symbol sequence 

and the spread pilot symbol sequence; 
means for generating the data symbol sequence by 

de^reading the spread data symbol sequence; 
means for generating the pilot symbol sequence by 

despreading the spread pilot, symbol sequence; 
means for generating from the pilot symbol sequence a 

plurality of pilot blocks; 
means for obtaining channel estimates of the data 

symbols by calculating a weighted sum of averages 

of the pilot symbols in the individual pilot blocks; 
means for compensating for chaimel fluctuations in the 

data symbol sequence by using the channel estimates 

of the data symbols; and 
means for generating the data sequence by demodidat- 

ing the data symbol sequence compensated for. 

3. The CDMA transceiver as claimed in claim 2, wherein 
said means for generating the spread data symbol sequence 
spreads the data symbol sequence using a first spreading 
code, said means for generating the spread pilot symbol 
sequence spreads the pilot symbol sequence using a second 
spreading code, said means for generating the data symbol 
sequence despreads the spread data symbol sequence which 
has been spread using the first spreading code, and said 
means for generating the pilot symbol sequence despreads 
the spread pilot symbol sequence which has been spread 
using the second spreading code, and wherein the first 
spreading code and the second spreading code are orthogo- 
nal to each other. 

4. The CDMA transceiver as claimed in claim 2, wherein 
said means for transmitting the spread data symbol sequence 
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and the spread pilot symbol sequence also transmits a spread 
power control symbol sequence for controlling power of the 
data symbol sequence and that of the pilot symbol sequence. 

5. The CDMA transceiver as claimed in claim 4, wherein 
said transmitting processor further comprises means for 5 
inserting into the data symbol sequence iie power control 
symbol sequence. 

6. The ODMA transceiver as claimed in claim 4, wherein 
said transmitting processor further comprises means for 
inserting into the pilot symbol sequence the power control 10 
symbol sequence. 

7. The CDMA transceiver as claimed in claim 4, wherein 
said transmitting processor further comprises means for 
generating the spread power control symbol sequence by 
spreading the power control symbol sequence, and said 15 
means for transmitting the spread data symbol sequence and 
the spread pilot symbol sequence also transmits the power 
control symbol sequence. 

8. The CDMA transceiver as claimed in claim 7, wherein 
said means for generating a spread data symbol sequence 20 
spreads the data symbol sequence by using a first ^reading 
code, said meaixs for generating a spread pilot symbol 
sequence spreads the pilot symbol sequence by using a 
second spreading code, and said means for generating a 
spread power control symbol sequence ^reads the power 25 
control symbol scquenoe' by namg^ Itetf sp ir Jtlttig codfr; 
wherein said means for generating a data symbol sequence 
despreads the spread data symbol sequence by using the first 
spreading code, said means for generating a pilot symbol 
sequence despreads ibo spread pilot symbol sequence by 30 
using the second spreading code, and said means for gen- 
erating a power control symbol sequence despreads the 
spread power control symbol sequence by using the third 
spreading code, and wherein the first spreading code, the 
second spreading code and the third spreading code are 35 
orthogonal to each other. 

9. The CDMA transceiver as claimed in claim 4, wherein 
said receiving processor further comprises means for mea- 
suring from the pilot symbol sequence a signal-to-noise and 
interference power ratio, and for generating the power 40 
control symbol sequence from the signal-to-noise and inter- 
ference power ratio. 

10. The CDMA transceiver as claimed in claim 2, wherein 
said receiving processor further comprises means for gen- 
erating the power control symbol sequence by de^reading 45 
the spread power control symbol sequence for controlling 
the power of the data symbol sequence and that of the pilot 
symbol sequence; and means for extracting the power con- 
trol symbol sequence, and wherein said means for receiving 
the spread data symbol sequence and the spread pilot symbol 50 
sequence receives the spread power control symbol 
sequence, and said means for transmitting the spread data 
symbol sequence and the :^read pilot symbol sequence 
transmits the ^read data symbol sequence and the spread 
pilot symbol sequence in accordance with the power control 55 
symbol sequence. 

11. A channel estimation unit for obtaining channel esti- 
mates of data symbols from a pilot symbol sequence which 
is parallel to a data symbol sequence, said channel estima- 
tion unit comprising: 50 

means for generating a plurality of pilot blocks from the 
pilot symbol sequence; and 

means for obtaining the channel estimates of the data 
symbols by calculating a weighted sum of averages of 
the pilot symbols in the individual pilot blocks, wherein 65 
the power of the data symbol sequence and that of the 
pilot symbol sequence are controlled on a slot by slot 
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basis, and wherein the plurality of pilot blocks each 
consist of pilot symbols belonging to at least two 
different slots. 

12. A channel estimation unit for obtaining channel esti- 
mates of data symbols from a pilot symbol sequence which 
is parallel to a data symbol sequence, said channel estima- 
tion unit comprising: 

means for generating a plurality of pilot blocks from the 

pilot symbol sequence; and 
means for obtaining the channel estimates of the data 
symbols by calculating a weighted sum of averages of 
the pilot symbols in the individual pilot blocks, wherein 
when obtaining the channel estimate of an nth data 
symbol in the data symbol sequence, where n is an 
integer, the plurality of the pilot blocks each consist of 
pilot symbols from (n-K+l)th pilot symbol to (n+K)th 
pilot symbol in the pilot symbol sequence, where K is 
a natural number. 

13. A channel estimation unit for obtaining channel esti- 
mates of data symbols from a pilot symbol sequence which 
is parallel to a data symbol sequence, said channel estima- 
tion unit comprising: 

meaiis for generating a plurality of pilot blocks from the 
pilot symbol sequence; and 

symbols by calculating a weighted sum of averages of 
the pilot symbols in the individual pilot blodcs, wherein 
when obtaining the channel estimate of an nth data 
symbol in the data symbol sequence, where n is an 
integer, the pilot blocks consisting of pilot symbols 
closer to the nth pilot symbol have a greater weight. 

14. A CDMA transmitting and receiving method which 
generates a spread data symbol sequence by modulating a 
data sequence, transmits the spread data symbol sequence 
with a pilot symbol sequence which is ^read in parallel with 
the data symbol sequence, receives the spread data symbol 
sequence and the spread pilot symbol sequence, and gener- 
ates the data sequence by demodulating the spread data 
symbol sequence by using the spread pilot symbol sequence, 
wherein 

a transmitting side comprises the steps of: 

generating the data symbol sequence by modulating the 

data sequence; 
generating the spread data symbol sequence by spread- 
ing the data symbol sequence; 
generating the spread pilot symbol sequence by spread- 
ing the pilot symbol sequence; and 
transmitting the spread data symbol sequence and the 
spread pilot symbol sequence, and wherein 
a receiving side comprises the steps of: 

receiving die spread data symbol sequence and the 

spread pilot symbol sequence; 
generating the data symbol sequence by despreading 

the spread data symbol sequence; 
generating the pilot symbol sequence by de^reading 

the spread pilot symbol sequence; 
generating from the pilot symbol sequence a plurality 

of pilot blocks; 
obtaining channel estimates of the data symbols by 
calculating a weighted sum of averages of the pilot 
symbols contained in the pilot blocks; 
compensating for channel fluctuations in the data sym- 
bol sequence by using the channel estimates of the 
data symbols; and 
generating the data sequence by demodulating the data 
symbol sequence compensated for. 
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15. A CDMA receiver which receives a data symbol 
sequence that is spread, and a pilot symbol sequence that is 
spread and parallel to the data symbol sequence, and which 
generates a data sequence by demodulating the spread data 
symbol sequence by using the spread pilot symbol sequence, 
said CDMA receiver comprising: 

means for receiving the spread data symbol sequence and 

the spread pilot symbol sequence; 
means for generating a data symbol sequence by 

despreading the spread data symbol sequence; 
means for generating a pilot symbol sequence by 

despreading the spread pilot symbol sequence; 
means for generating from the pilot symbol sequence a 

plurality of pilot blocks; 
means for obtaining channel estimates of the data symbols 

by calculating a weighted sum of averages of the pilot 

symbols in the individual pilot blocks; 
means for compensating for channel fluctuations in the 

data symbol sequence by using the channel estimates of ^ 

the data symbols; and 
means for generating the data sequence by demodulating 

the data symtx)l sequence compensated for, wherein the 

power of the data symbol sequence and that of the pilot 

symbol sequence are contcalledoik&slaLby sloLbasis*. 

and wherein the plurality of pilot blocks each consist of 

pilot symbols belonging to at least two different slots. 

16. A CDMA receiver which receives a data symbol 
sequence that is spread, and a pilot symbol sequence that is 
spread and parallel to the data symbol sequence, and which 
generates a data sequence by demodulating the ^read data 
symbol sequence by using the spread pilot symbol sequence, 
said CDMA receiver comprising: 

means for receiving the spread data symbol sequence and 
the spread pilot symbol sequence; 

means for generating a data symbol sequence by 
despreading the spread data symbol sequence; 

means for generating a pilot symbol sequence by 
despreading the spread pilot symbol sequence; 

means for generating from the pilot symbol sequence a 
plurality of pilot blocks; 

means for obtaining chaimel estimates of the data symbols 
by calculating a weighted sum of averages of the pilot 
symbols in the individual pilot blocks; 

means for compensating for chaimel fluctuations in the 
data symbol sequence by using the charmel estimates of 
the data symbols; and 

means for generating the data sequence by demodulating 
the data symbol sequence compensated for, wherein 
when obtaining the channel estimate of an nth data 
symbol in the data symbol sequence, where n is an 
integer, the plurality of the pilot blocks each consist of 
pUot symbols from (n-K+l)th pilot symbol to (n+K)th 
pilot symbol in the pilot symbol sequence, where K is 
a natural number. 

17. A CDMA receiver which receives a data symbol 
sequence that is spread, and a pilot symbol sequence that is 
spread and parallel to the data symbol sequence, and which 
generates a data sequence by demodulating the spread data 
symbol sequence by using the spread pilot symbol sequence, 
said CDMA receiver comprising: 

means for receiving the spread data symbol sequence and 

the spread pilot symbol sequence; 
means for generating a data symbol sequence by 

despreading the spread data symbol sequence; 
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means for generating a pilot symbol sequence by 
despreading the spread pilot symbol sequence; 

means for generating from the pilot symbol sequence a 
plurality of pilot blocks; 

means for obtaining diaimel estimates of the data symbols 
by calciilating a weighted sum of averages of the pilot 
symbols in the individual pilot blocks; 

means for compensating for channel fluctuations in the 
data symbol sequence by using the charmel estimates of 
the data symbols; and 

means for generating the data sequence by demodulating 
the data symbol sequence compensated for, wherein 
when obtaining the channel estimate of an nth data 
symbol in the date symbol sequence, where n is an 
integer, the pilot blocks consisting of pilot symbols 
closer to the nth pilot symbol have a greater weight. 

18. A channel estimation method for obtaining channel 
estimates of data symbols from a pilot symbol sequence 
which is parallel with a data symbol sequence, said channel 
estimation method comprising the steps of: 

generating a plurality of pilot blocks from the pilot 

symbol sequence; and 
obtaining the channel estimates of the data symbols by 

calculating a weighted sum of averages of the pilot 

power of the data symbol sequence and that of the pilot 
symbol sequence are controlled on a slot by slot basis, 
and wherein the plurality of pilot blocks each consist of 
pilot symbols belonging to at least two different slots. 

19. A channel estimation method for obtaining chaimel 
estimates of data symbols from a pilot symbol sequence 
which is paraUel with a data symbol sequence, said channel 
estimation method comprising the steps of: 

generating a plurality of pilot blocks from the pilot 
symbol sequence; and 

obtaining the chaimel estimates of the data symbols by 
calculating a weighted sum of averages of the pilot 
symbols in the individual pilot blocks, wherein when 
obtaining the channel estimate of an nth data symbol in 
the data symbol sequence, where n is an integer, the 
plurality of the pilot blocks each consist of pilot sym- 
bols from (n-K+l)th pilot symbol to (n+K)th pilot 
symbol in the pilot symbol sequence, where K is a 
natural number. 

20. A channel estimation method for obtaining channel 
estimates of data symbols from a pilot symbol sequence 
which is parallel with a data symbol sequence, said chaimel 
estimation method comprising the steps of: 

generating a plurality of pilot blocks from the pilot 
symbol sequence; and 

obtaining the channel estimates of the data symbols by 
calculating a weighted sum of averages of the pilot 
symbols in the individual pUot blocks, wherein when 
obtaining the channel estimate of an nth data symbol in 
the data symbol sequence, where n is an integer, the 
pilot blocks consisting of pilot symbols closer to the nth 
pilot symbol have a greater weight. 

21. A CDMA receiving method which receives a data 
symbol sequence that is spread, and a pflot symbol sequence 
that is spread and parallel to the data symbol sequence, and 
which generates a data sequence by demodulating the spread 
data symbol sequence by using the spread pilot symbol 
sequence, said CDMA receiving method comprising the 
steps of: 

receiving the spread data symbol sequence and the spread 
pilot symbol sequence; 



us 6,647,003 Bl 



17 



18 



10 



15 



20 



generating a data symbol sequence by despreading the 

spread data symbol sequence; 
generating a pilot symbol sequence by despreading the 

spread pilot symbol sequence; 
generating from the pilot symbol sequence a plurality of 

pilot blocks; 

obtaining channel estimates of the data symbols by cal- 
culating a weighted sum of averages of the pilot 
symbols in the individual pilot blocks; 

compensating for channel fluctuations in the data symbol 
sequence by using the diannel estimates of the data 
symbols; and 

generating the data sequence by demodulating the data 
symbol sequence compensated for, wherein the spread 
data symbol sequence has been spread using a first 
spreading code, the spread pilot symbol sequence has 
been spread using a second spreading code, said step of 
generating the data symbol sequence despreads the 
spread data symbol sequence which has been spread 
using the first spreading code, and said step of gener- 
ating the pilot symbol sequence despreads the spread 
pilot symbol sequence which has been spread using the 
second ^reading code, and wherein the first spreading 
code and the second spreading code are orthogonal to 25 
each other. 

22. A CDMA receiving method which receives a data 
symbol sequence that is spread, and a pilot symbol sequence 
that is spread and parallel to the data symbol sequence, and 
which generates a data sequence by demodulating the spread 30 
data symbol sequence by using the i^read pilot symbol 
sequence, said CDMA receiving method comprising the 
steps of: 

receiving the spread data symbol sequence and the spread 

pilot symbol sequence; 
generating a data symbol sequence by despreading the 

^read data symbol sequence; 
generating a pilot symbol sequence by de^reading the 

spread pilot symbol sequence; 
generating from the pilot symbol sequence a plurality of 

pilot blocks; 

obtaining channel estimates of the data symbols by cal- 
culating a weighted sum of averages of the pilot 
symbols in the individual pilot blocks; 

compensating for channel fluctuations in the data symbol 
sequence by using the channel estimates of the data 
symbols; and 

generating the data sequence by demodulating the data 
symbol sequence compensated for, wherein the power 
of the data symbol sequence and that of the pilot 
symbol sequence are controlled on a slot by slot basis, 
and wherein the plurality of pilot blocks each consist of 
pilot symbols belonging to at least two different slots. 

23. A CDMA receiving method which receives a data 
symbol sequence that is spread, and a pilot symbol sequence 
that is spread and parallel to the data symbol sequence, and 
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which generates a data sequence by demodulating the spread 
data symbol sequence by using the spread pilot symbol 
sequence, said CDMA receiving method comprising the 
steps of: 

receiving the spread data symbol sequence and the spread 

pilot symbol sequence; 
generating a data symbol sequence by despreading the 

spread data symbol sequence; 
generating a pilot symbol sequence by despreading the 

spread pUot symbol sequence; 
generating from the pilot symbol sequence a plurality of 

pilot blocks; 

obtaining channel estimates of the data symbols by cal- 
culating a weighted sum of averages of the pilot 
symbols in the individual pilot blocks; 

compensating for channel fluctuations in the data symbol 
sequence by using the chaimel estimates of the data 
symbols; and 

generating the data sequence by demodulating the data 
symbol sequence compensated for, wherein when 
obtaining the chaimel estimate of an nth data symbol in 
the data symbol sequence, where n is an integer, the 
pluraUty of the pilot blocks each consist of pilot sym- 
bols from (ar-K+l)th p^t symboL to ^-^E^ pilot 
symbol in die pilot symbol sequence, where K is a 
natural number. 
24. A CDMA receiving niethod which receives a data 
symbol sequence that is spread, and a pilot symbol sequence 
that is spread and parallel to the data symbol sequence, and 
which generates a data sequence by demodulating the spread 
data symbol sequence by using the ^read pilot symbol 
sequence, said CDMA receiving method comprising the 
steps of: 

receiving the spread data symbol sequence and the spread 

pilot symbol sequence; 
generating a data symbol sequence by despreading the 

spread data symbol sequence; 
generating a pilot symbol sequence by despreading the 

spread pilot symbol sequence; 
generating from the pilot symbol sequence a plurality of 

pilot blocks; 

obtaining channel estimates of the data symbols by cal- 
culating a weighted sum of averages of the pilot 
symbols in the individual pilot blocks; 

compensating for channel fluctuations in the data symbol 
sequence by using the channel estimates of the data 
symbols; and 

generating the data sequence by demodulating the data 
symbol sequence compensated for, wherein when 
obtaining the channel estimate of an nth data symbol in 
the data symbol sequence, where n is an integer, the 
pilot blocks consisting of pilot symbols closer to the nth 
pilot symbol have a greater weight. 



